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Available online 21 July 2016AbstractGold jewelry workers are occupationally exposed to nitric oxide (NO) during the purification of gold. The present study
involves the evaluations of chromosome aberrations (CA), micronucleus (MN) and comet assay in lymphocytes and identifies the
influence of polymorphisms in DNA repair genes (XRCC1280Arg/His, XRCC1399Arg/Gln) among the gold jewelry workers
occupationally exposed to nitric oxide (NO). Among the 84 samples undertaken for study, the non-exposed (categorized based
only on age being group I <35years; group II 35 years) and exposed subjects (categorized based on age and work duration)
constituted 42 subjects each. With increase duration of years of exposure, an increased level of chromosomal damage was
observed. Likewise, a higher degree of chromosomal damage and MN was observed in exposed subjects of group II with a total
CA of 8.07 ± 3.29 and MN of 10.61 ± 2.25 when compared to group I. Significant increases were also indicated with the overall
CA frequency for the exposed subjects for chromatid, chromosome type aberrations and the MN/1000 binucleated cells in
peripheral lymphocytes (p < 0.05) in comparison with non-exposed. The analysis of mean tail length of comet assay shows the
DNA damage among the group II exposed subjects exhibits higher degree of chromosomal damage, indicating chronic exposure
of NO causes the genetic modification, largely influenced by the polymorphic genotypes XRCC1280Arg/His (p < 0.001) and
XRCC1399Arg/Gln (0.524). In conclusion, this result of work provides evidence for an apparent genotoxic effect associated with* Corresponding author. Tel.: þ91 422 2428491; fax: þ91 422 2422387.
E-mail address: arun47biotech@gmail.com (M. Arun).
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179M. Arun et al. / Karbala International Journal of Modern Science 2 (2016) 178e187NO exposure. Our result reinforces the higher sensitivity of cytogenetic assays for the biomonitoring of occupationally exposed
populations. So there is a strong need to educate those who work with potentially hazardous heavy metals about their adverse
effects and highlight the importance of using protective measures.
© 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of University of Kerbala. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Workers involved with jewelry manufacturing are
exposed to a number of potentially hazardous sub-
stances such as metals (silver, gold, beryllium, zinc,
antimony, aluminum, lead, arsenic, cadmium, mer-
cury, and copper), various dusts (talc, containing
asbestos, and silica; aluminum oxide and other abra-
sives), solvents (toluene and xylene), organic
(trichloroethylene) and inorganic (nitric acid) chem-
icals every day [1]. For making jewelry and coins,
gold and its alloys are commonly used, during this
process, aqua regia solution containing concentrated
nitric acid and hydrochloric acid dissolves the gold
and forms Au3þ ions whereas chloride ions from
hydrochloric acid react with gold to produce chloau-
rate anions; further oxidation takes place on the so-
lution and gold is dissolved. During this process, NO
radical (NO) is produced. The NO radical produced
in the cell mediates a diverse array of actions such as
vasodilatation, neurotransmission and iron meta-
bolism [2]. Effects due to NO on cells are reported to
be dose-dependent leading to cytostatic and its effects
by inhibition of DNA synthesis, damage to mito-
chondria, loss of cell membrane integrity, apoptosis,
changes in cell cycle distribution, occurrence of DNA
single strand breaks (SSB) and DNAeprotein cross-
link [3e5]. Prolonged exposure of nucleic acids to
NO/reactive nitrogen species (RNS) results in deam-
ination by converting Cytidine (C) to Uridine (U),
Guanosine (G) to Xanthosine (X), and methyl Cyti-
dine (C) to 5-Methyluridine (T) [6].
The current occupational and safety and health
administration (OSHA) standard for NO is 25 ppm
(30 mg/m3) of air, averages over an 8 h work shift
(Baur and Barbinova, 2005). The concentration ratio
of NO and oxygen (O2) primarily determines the fate
of NO. NO can react with O2 and subsequently induce
DNA damage by deaminating the DNA bases,
resulting in mutation [5,7]. Hogg et al., 1996 and Li
and Hotchkiss, 1995 reported NO as a tumor initiating
agent known for its involvement in cancerdevelopment and reviews indicate increased level of
NO identified in the patients of oral cancer, head and
neck cancer, chronic obstructive pulmonary disease,
arthritic disorders, asthma and type 1 diabetes melli-
tus [1,10].
Molecular studies shows insight into the risk of
cancer associated with genotoxic damage influenced
by individual susceptibility, thus making them relevant
for hazard exposure identification and risk assessment
in order to prevent future cancers. The scaffolding
protein XRCC1 (X-ray repair cross-complementing
group 1) plays an important part in base excision
repair (BER) [11] by promoting an efficient SSB
repair; after removal of damaged bases by DNA gly-
cosylases. XRCC1 mediates proteineprotein in-
teractions with DNA ligase III, PARP (polynucleotide
kinase/phosphatase-poly ADP-ribose polymerase)
[12]. Two coding region polymorphisms that result in
amino acid changes in XRCC1280Arg/His and
XRCC1399Arg/Gln of the XRCC1 gene indicating
either reductions in DNA repair capacity or the fidelity
of DNA repair was studied by Shen et al., 1998 and
Svilar et al., 2011.
The identification of chromosomal aberrations (CA)
in human peripheral blood lymphocyte culture (PBLC)
is recognized as a valuable biomarker in monitoring
environmental toxicants, and is the only method which
has been internationally standardized and validated
[15]. Micronucleus (MN) test has been used for over
20 years in order to measure the occupational exposure
to toxic agents among the human population exposed
to industrial toxicants. This cytogenetic test assesses
the MN originating from chromosome fragments or
whole chromosomes that are not included in the main
daughter nuclei during nuclear division [16]. Comet
assay, on the other hand, is a rapid, simple, and sen-
sitive technique for measuring and analyzing DNA
breakage in individual cells [17]. This single cell gel
electrophoresis (SCGE) technique has found numerous
applications in genetic toxicology, environmental bio-
monitoring and clinical investigations [18] and is
extensively used in studies involving genotoxicity of
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biomonitoring [19].
The aim of the present study was to identify chro-
mosomal alterations, such as chromosomal aberrations
(CAs), MN, and comet assay, in PBLC. Molecular
analysis of XRCC1280 and XRCC1399 polymorphism
was also performed using polymerase chain reaction
(PCR)drestriction fragment length polymorphism in
jewelry workers occupationally exposed to NO in South
Indian population. The core of the work was to access
the genetically conceivable covariates associated with
NO in order to determine its hazardous effects.
2. Materials and methods
2.1. Study population
Gold jewelry workers were selected from 8 jewelry
shops in South India, India, based on the NO levelsFig. 1. Debits the family history of nitric oxide eestimated from the air surrounding the factory, and the
value was estimated to be <27 ppm, according to the
method of Willey et al., 1977. No protective gears such
as masks or gloves were used and none gave special
attention to their workplace. According to the in-
terviews of the workers in this study, they had quite
respiratory failure and little increased incidence of
infections (Fig. 1). The ventilation of these small
workplaces was rather poor and the mean respirable
mass concentration was quite high. Further, NO
exposed subjects were categorized based on the dura-
tion of exposure for over 2e20 years. Using an initial
short questionnaire in self-report format and on the
basis of work duration, individual details consisting of
standard demographic questions (age, sex, genetic
disorders, a number of X-ray diagnoses, vaccinations,
medication, smoking, alcohol, occupational history
(exposure per day and years of exposure), general
health status, and exposure to drugs) have beenxposed worker (JW 22) in jewelry workers.
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factors were excluded from the study in order to
monitor the exact damage caused by NO alone indi-
cating NO exposed jewelry workers, and the non-
exposed subjects have a special attention to no expo-
sure of NO was confirmed by dosimeter values and any
other carcinogenic chemicals by a standard question-
naire. Since no clinical and radiological examination of
the workers has been carried out, a detailed health
status was sourced from the interview. Non-exposed
subjects were matched with the respective exposed
subjects in terms of age (±2 years), life style factors,
socio economic status and area of residence.
The demographic characteristics of the subjects
were shown in Table 1. A total of 84 subjects which
includes 42 exposed and 42 non-exposed were
recruited in the study. All recruited subjects were
males (100%). Exposed and non-exposed subjects
were matched with age (±2 years) and categorized
based on their age into two groups as group I (<35
years) n ¼ 16 (38%) and group II (≥35 years) n ¼ 26
(62%). In addition, exposed subjects were further
classified into four different categories according to
their chronic exposure to NO in jewelry industry
workers, 2e5 years n ¼ 8 (19%), 5.1e10 years n ¼ 10
(24%), 10.1e15 years n ¼ 12 (28.5%) and 15.1e20
years n ¼ 12 (28.5%). Venous blood sample (5 ml) was
drawn in heparinized syringes from each subject and
informed written consent was obtained from all the
individuals. The present cross-sectional study has
human ethical clearance from Ministry of Health for
chemical exposed on human. The work was carried outTable 1
Characteristics of the study population.
Characteristics Total number of samples Percentage (%)
Exposed subjects
Work duration n ¼ 42 100%
2e5 years n ¼ 8 19.04%
5.1e10 years n ¼ 10 23.80%
10.1e15 years n ¼ 12 28.57%
15.1e20 years n ¼ 12 28.57%
Non-exposed n ¼ 42 100%
Gender
Male n ¼ 84 100%
Age
Group I n ¼ 16 38.09%
Group II n ¼ 26 61.90%
Age (mean ± SD) Non-exposed Exposed
Group I Group I
30.50 ± 3.60 30.0 ± 4.09
Group II Group II
42.84 ± 4.67 42.53 ± 5.13
Group I <35 years; group II 35 years; SD e standard deviation.in accordance with the ethical standards laid down in
1964 Declaration of Helsinki, WMA, 2000.
2.2. Chromosome aberration (CA) assay
All chemical reagents were purchased from Sigma
Chemical (St. Louis, MO), except for colcemid,
which was obtained from Gibco Laboratory (Grand
Island, NY). The blood samples were set up to
establish cell cultures according to standard pro-
cedures of our laboratory [22]. Briefly, 0.5 ml whole
blood was added to 4.5 ml RPMI 1640 medium sup-
plemented with 10% fetal bovine serum, 2 mM L-
glutamine, 1% streptomycinepenicillin antibiotics
and 0.2 mL reagent-grade phytohemagglutinin and
incubated at 37 C. After 71 h, the cultures were
treated with 0.1 mg/mL colcemid to block cells in
mitosis. The lymphocytes were harvested at 72 h by
centrifuging cells to remove culture medium
(800e1000 rpm, 7 min) to which hypotonic solution
(KCl 0.075 M) was added at room temperature and
incubated for 20 min to swell the cells. The cells were
treated twice with fixative (methanol and acetic acid
[3:1 vol/vol]). Cytological preparations were made by
placing two to three drops of the concentrated cell
suspension onto slides wetted with ice-cold acetic
acid (60%) and were carefully dried on a hot plate
(56 C for 2 min). For CA analysis, 100 complete
metaphase cells of the first cell cycle were evaluated
under a microscope (100) to identify numerical and
structural CA according to the International System
for Human Cytogenetic Nomenclature (ISCN). Data
were registered on master tables and later transferred
to a computer file.
2.3. Micronucleus (MN) assay
MN assay was performed using the cytochalasin B
technique [23]. Lymphocytes were cultured in the
same manner as described previously and at the 44th
hour of incubation cytochalasin B (6 mg/mL) was
added. After a total incubation time of 72 h at 37 C,
cells were harvested by centrifugation, rinsed and
submitted to mild hypotonic treatment followed by
immediate fixation with methanol and acetic acid.
Slides were prepared according to standard cytogenetic
procedures and stained with 4% Giemsa. Slides were
coded and scored by light microscopy at 400
magnification. For each experiment, 1000 binucleated
lymphocytes with well-preserved cytoplasm were
scored. MN were identified according to the criteria of
Fenech et al., 2003.
Fig. 2. Comet assay image of the NO exposed jewelry workers.
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Comet assay was performed under alkaline con-
ditions according to a standard protocol [25] (Fig. 2).
Approximately 104 cells, in either a 8 ml blood
sample, were mixed with 75 or 80 mL 0.75% warm
low melting-point agarose (Gibco) at 37 C in a
microfuge tube and the mixture then spread over a
fully covered microscopic slide precoated with
200 mm 0.1% agarose by layering with a cover slip.
The cover slips were gently removed after placing the
slides on ice for 5 min. Slides were immersed in a jar
containing a freshly prepared cold lysis solution
(2.5 M NaCl, 100 mM ethylene diaminete-
traaceticacid [EDTA], and 10 mM Tris [pH: 10]) to
which 1% Triton X-100 and 10% dimethylsulfoxide
were added just before use. Lysis was performed at
48 C for 1 h in the dark.2.5. Electrophoresis and staining
The slides were removed and placed on a horizontal
gel electrophoresis unit filled with freshly prepared
alkaline buffer (1 mM EDTA and 300 mM NaOH (pH:
13)) to approximately 0.25 cm above the slides. The
cells were exposed to alkaline conditions for 20 min to
allow DNA unwinding and expression of single-strand
breaks and alkali-labile sites. Electrophoresis was
performed for 20 min by applying an electric current of
0.7 V/cm (25 V/300 mA). All of these steps were
performed in darkness to prevent additional DNA
damage. After electrophoresis, the slides were
neutralized with 0.4 M Tris (pH: 7.5) and the DNAwas
exposed for 5 min to absolute ethanol to preserve all of
the comet assay slides. Subsequently, the slides were
air-dried and then stored at room temperature until they
were scored for DNA migration. DNA was stained
using propidium iodide (20 mg/mL distilled water
[25 mL/slide]) just before scoring.
2.6. Image analysis
Slides were examined at 400 magnification using a
fluorescent microscope (Leica Microscopy, Germany)
equipped with an excitation filter of 515e560 nm and a
barrier filter of 590 nmconnected through a gated charge-
coupled device camera to the comet image analysis
system, which uses Comet Assay IV version 4.3. Images
of 100 randomly selected cells were analyzed from each
investigated slide.
2.7. Tail parameters
The olive tail moment (OTM) was used to evaluate
DNA damage. The tail length was measured between
the edge of comet head and the end of the comet tail. A
major advantage of using the OTM as an index of DNA
damage is that both the amount of damaged DNA as
well as the distance of migration of the genetic mate-
rial in the tail is represented [26].
2.8. DNA extraction and genotyping
Whole genomic DNA was collected as per kit pro-
tocol using Frozen blood DNA extraction kit (Genei,
India) and PCR was performed under the following
conditions: 95 C for 5 min, followed by 30 cycles of
94 C for 40 s, annealing temperature for 20 s (the
annealing temperatures were 58 C for Arg399Gln and
69.5 C for Arg280His) and 72 C for 25 s and a final
elongation step at 72 C for 10 min. The PCR products
Fig. 3. Representative RFLP analysis of the MspI digest of the PCR
products containing codons 194 and 399 of the XRCC1 gene (A) and
codon 241 of the XRCC3 gene (B), respectively, separated on 2%
1000 agarose gel. A e lane 1: molecular weight marker; lane 2:
heterozygous Arg/His 194 and wild-type homozygous Arg/Arg 399;
lanes 3, 6 and 7: homozygous His/His 194 and mutant homozygous
Gln/Gln 399; lane 4: wild-type homozygous Arg/Arg 194 and Arg/
Arg 399; lane 5: homozygous Arg/Arg 194 and heterozygous Arg/
Gln 399; lane 8: mutant homozygous Gln/Gln 463 and heterozygous
Arg/Gln 280.
Table 2
Frequency of chromosome aberrations (CA) and micronucleus (MN)
in the exposed subjects based on the work duration (mean ± SD).
Exposed
subjects
2e5 yrs. 5.1e10 yrs. 10.1e15 yrs. 15.1e20 yrs.
Age 25.75 ± 4.03 34.00 ± 4.63 38.50 ± 4.32 46.50 ± 3.72
Work
duration
3.25 ± 1.70 8.00 ± 1.58 13.00 ± 1.41 17.83 ± 1.47
CTAs 1.50 ± 1.29 3.20 ± 1.92 3.83 ± 2.13 5.83 ± 1.94
CSAs 0.75 ± 0.50 2.40 ± 0.89 3.16 ± 2.04 4.00 ± 1.41
TCAs 2.25 ± 1.50 5.60 ± 1.81 7.00 ± 3.74 9.83 ± 2.71
MN/1000
cells
2.50 ± 0.57 7.80 ± 1.64 9.16 ± 2.48 12.00 ± 1.41
CTAs e chromatid-type aberration; CSAs e chromosomal-type ab-
erration; TCAs e total chromosome aberration; MN e micronucleus/
1000 cells; yrs. e years; total number of chromosome aberrations per
100 cells scored.
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donucleases for each polymorphism was done as fol-
lows: MspI for Arg399Gln and Arg280His.The
XRCC1280Arg/Arg genotype resulted in a 140 bp band
and His/His in a 280 bp band. The XRCC1399Arg/Arg
genotype resulted in 277 and 186 bp bands; Arg/Gln in
463, 277 and 186 bp bands and Gln/Gln in a 463 bp
band (Fig. 3).
2.9. Statistical methods
All statistical analysis were performed using SPSS
version 17 windows software to assess the group sta-
tistics in the experimental for mean age, CA, MN, DNA
damage. Differences in mean and standard deviation
(SD) were calculated using SPSS version 17 windows
software. The differences between two groups and
multiple group means were compared by ANOVA.
HardyeWeinberg equilibrium was tested for each
polymorphism, the observed genotype frequencies were
compared to the expected frequencies using the
goodness-of-fit c2-test at p < 0.001 level. Multiple
linear regression analysis was used to determine the
correlation of continuous variables, by using them as
dependent variables, with several independent variables
that are considered as possible confounders. Statistical
significance was considered when p-value was below
0.05. Multiple regression analysis was also applied to
non-exposed for possible confounding factors.3. Results
3.1. CA and MN assay
CA and MN were carried out in exposed and non-
exposed subjects and the results of mean ± SD values
were tabulated in Tables 2 and 3. The mean ± SD of
group II non-exposed and exposed age was 42.84 ± 4.67
and 42.53 ± 5.13 whereas in group I 30.50 ± 3.60 and
30.0 ± 4.09. Based on their work duration (WD), the
mean ± SD value for age was 25.75 ± 4.03 (2e5 years),
34.00 ± 4.63 (5.1e10 years), 38.50 ± 4.32 (10.1e15
years) and 46.50 ± 3.72 (15.1e20 years). The
mean ± SD value for WD of the four categories were
3.25 ± 1.70 (2e5 years), 8.00 ± 1.58 (5.1e10 years),
13.00 ± 1.41 (10.1e15 years) and 17.83 ± 1.47
(15.1e20 years). Based on age as factor, a higher level
of the total CA in group II exposed subjects
(8.07 ± 3.29) was observed and compared to group I
exposed subjects and non-exposed. The higher fre-
quency (9.83 ± 2.71) of total CA (WD) was found in
15.1e20 years of exposed subjects, compared to other
groups. The MN assay was carried out in peripheral
lymphocytes of exposed subjects (Tables 2 and 3). An
increase in MN/1000 binucleated cell was observed in
the exposed subjects in comparison with non-exposed
and it was significantly higher in group II exposed
subjects (10.61 ± 2.25).Moreover, elevated level of MN
was also observed in 15.1e20 years exposed subjects
(12.00 ± 1.41), when compared to other exposed sub-
jects. Statistically significant results were obtained for
the frequency of CA, expressed in mean ± SD, estab-
lished using the analysis of variance (ANOVA). The
overall age-wise total CA, chromatid and chromosome
type aberrations and MN assay frequency of group I and
Table 3
Comparative analyses of chromosome aberrations (CA) and micronuclei (MN) in the groups I and II Exposed subjects and non-exposed
(mean ± SD) and comparing the ANOVA value for exposed subjects and non-exposed.
Particulars Group I <35 yrs. Group II 35 yrs.
Exp Non-exp p-Value Exp Non-exp p-Value
CTAs 2.37 ± 1.57 0.65 ± 1.31 0.04073 4.69 ± 2.19* 1.15 ± 0.86 2.559e06
CSAs 1.75 ± 1.29 0.25 ± 0.43 0.01168 3.38 ± 1.64* 0.53 ± 0.63 9.2e06
TCA 3.87 ± 2.36 0.87 ± 1.36 0.01045 8.07 ± 3.29* 1.69 ± 0.91 1.073e06
MN/1000 cells 4.62 ± 2.32 1.12 ± 0.99 0.001868 10.61 ± 2.25* 3.15 ± 0.89 6.147e11
Exp e exposed subjects; Non-exp e non-exposed; CTAs e chromatid-type aberration; CSAs e chromosomal-type aberration; TCAs e total
chromosome aberration; MNemicronucleus/1000 cells; yrs.e years; total number of chromosome aberrations per 100 cells scored; pe probability
value by ANOVA. *Values significant at p < 0.05 level.
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(Table 3) from that of the non-exposed (p < 0.05 by
ANOVA).
3.2. Comet assay
The percentage of DNA tail in comet assay for
exposed and non-exposed subjects shows the mean± SD
(range) of mean tail length in exposed groups more than
35 years of age were significantly higher compared to
groups I and the non-exposed group (Table 4).
3.3. Genotyping
Table 5 presents the distribution of XRCC1280 and
XRCC1399 genotypes and alleles frequencies in the
study population with exposure stratification. All the
genotypes were in accordance with HardyeWeinberg
equilibrium comparing the goodness-of-fit c2-test for
making selection bias less likely, since no statistically
significant differences were observed between geno-
type distributions in referent and exposed workers of
XRCC1399, whereas the XRCC1280 genotype showed
the statistical significant difference (p < 0.001 by c2-
test). The variant allele frequencies are in agreementTable 4
Comet tail percentages and tail length of exposed and non-exposed subjects
S.No Subject type Comet assay
T (%) (percentage of DNA in tail) me
1 Exposed
Group I 4.21 ± 0.43(3e10)
Group II 4.69 ± 0.51 (4e11)
2 Non-exposed
Group I 2.55 ± 0.64 (1e6)
Group II 3.40 ± 0.81 (3e7)
S. No e serial number; T (%) e tail percent; MTL e mean tail length.with literature values for Caucasian and Brazilian
population [27,28].
3.4. Statistical analysis
Multiple linear regression analysis for chromatid
type aberrations (CTA), chromosomal type aberrations
(CSA), MN in NO exposed workers was conducted to
identify the influencing factors that could affect the
dependent variables (CTA, CSA) and independent var-
iables (total chromosomal aberrations and MN). Statis-
tical significance was determined for the dependent and
independent variables resulting in significant values in
group I and group II. Increase in age and WD indicates
an increase in the risk of chromosomal damage and
genetic damage in exposed workers (Table 6) and act as
biomarker in the jewelry workers. There was also a
slight influence by confounding factors observed on the
genetic damage especially in TCA and MN of the
exposed group I and group II workers. Although this
study may have some limitations due to the relatively
small number of subjects, genetic damages as a bio-
logical marker in the NO exposed subjects has made it
possible to compare our results with other similar
studies worldwide.per 100 cells.
an ± SD (range) MTL mm (tail length) mean ± SD (range)
3.48 ± 0.29 (2.89e11.27)
4.01 ± 0.62 (3.81e13.28)
2.04 ± 0.09 (1.74e11.56)
3.01 ± 0.14 (2.68e9.40)
Table 5
Distribution of XRCC1280 and XRCC1399 genotypes and allele frequency in non-exposed and NO exposed workers.
Gene Genotype Non-exposed (%) (n ¼ 42) Exposed (%) (n ¼ 42) Total (%) (n ¼ 84) Allele frequency p-Valuea
XRCC1280 Arg/Arg 33(78.5) 35(81.5) 68(75.5) 0.001*
Arg/His 7(17.0) 7(17.0) 14(17.0) Arg: 0.89
His/His 2(4.5) 1(2.0) 3(7.5) His: 0.11
XRCC1399 Arg/Arg 19 (45.5) 19 (45.5) 38 (45.5) 0.524
Arg/Gln 20 (47) 17 (41.5) 37 (43.3) Arg: 0.64
Gln/Gln 3 (7.5) 6 (13.0) 9 (12.3) Gln: 0.36
* e significant.
a Determinated by c2-test.
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Jewelry workers dealing with purification of gold are
occupationally exposed to NO which is a strong oxidant
stimulating chromosomal damage by inhibiting DNA
repair enzymes and DNA ligases. According to Bonassi
et al., 2000, prolonged or redundant hazardousTable 6
Multiple regression analysis of confounding factors on CTA, CSA,
TCA, MN frequencies in exposed subjects and non-exposed.
Variables Covariates b SE t p-Value
Group I
CTAs WD 0.219 0.105 2.08 0.058
Age 0.126 0.105 1.20 0.252
CSAs WD 0.387 0.435 8.89 0.000
Age 0.102 0.044 2.34 0.036
TCAs WD 0.606 0.120 5.04 0.000
Age 0.025 0.120 0.20 0.842*
MN WD 0.585 0.093 6.27 0.000
Age 0.003 0.093 0.03 0.842*
Group II
CTAs WD 0.012 0.139 0.09 0.932*
Age 0.311 0.102 3.04 0.006
TCAs WD 0.259 0.125 2.09 0.048
Age 0.092 0.091 1.01 0.324
TCAs WD 0.248 0.234 1.06 0.300
Age 0.218 0.172 1.27 0.216
MN WD 0.137 0.146 0.94 0.358
Age 0.193 0.107 1.80 0.085
Group I e non-exp
CTAs Age 0.149 0.089 1.67 0.117
CSAs Age 0.000 0.032 0.00 1.000*
TCAs Age 0.149 0.093 1.60 0.131
MN Age 0.005 0.069 0.07 0.945*
Group II e non-exp
CTAs Age 0.044 0.037 1.18 0.248
CSAs Age 0.024 0.027 0.90 0.380
TCAs Age 0.019 0.039 0.48 0.636*
MN Age 0.050 0.036 1.39 0.177
Non-expe non-exposed; CTAse chromatid-type aberration; CSAse
chromosomal-type aberration; TCAs e total chromosome aberration;
MN e Micronucleus; p e probability; WD e work duration; * e
significant.occupational exposure comes with DNA oxidative
damage threat, with possible reduction or deficient
DNA repair evidenced with increased time of exposure,
augmenting CA frequency. Some reports showed that
the mortality rates of the workers of jewelry industries
increased due to cancer [30]. Reports stated that
continuous exposure to acidic air and nitric and sulfur
oxides can cause carcinogenicity in the lung tissues
[31]. In our study, CA frequency results are comparable
with other NO studies that evaluate genotoxic effects
resulting in attributing to the additive, potentiality and
synergistic properties of NO; therefore enhancing the
clastogenic effect as well. These results are in accor-
dance with various other studies performed by Clemons
et al., 2007 and Pandey et al., 2008.
The sensitivity of our study enables us to establish
the genotoxic effect with dose exposure. CA in lym-
phocytes is an intermediate end point in carcinogenic
progress and is the best validated cytogenetic
biomarker to predict cancer risk [34]. Our study in-
dicates a significant increase in the total CA in exposed
subjects and the results were in concordance with the
observation of Yadav and Seth, 1998. A significant
increase in CA was observed in age-wise factor in NO
exposed subjects (group II) compared to non-exposed.
An exposed subject with age 35 years exhibits the
higher degree of chromosomal damage which shows
that chronic exposure of NO may cause the genetic
modification in a hereditary arrangement (Fig. 1). This
observation of the higher degree of CA has been
reviewed in several reports with age as a factor in other
occupationally exposed workers, such as polycyclic
aromatic hydrocarbons (PAHs), nitrosamines, carbon
monoxide, and sulfur dioxide [36]. Exposed subjects
with age 35 years exhibit higher degree of chromo-
somal damage indicating chronic exposure of NO may
cause the genetic modification. A significant elevation
in the frequency of CA in PBLC among persons
belonging to a given group may indicate an increased
cancer risk, depicting that CA is an initial event of
186 M. Arun et al. / Karbala International Journal of Modern Science 2 (2016) 178e187carcinogenesis, which constitutes an early warning
signal for the development of cancer [37].
4.1. MN test
The MN test provides a measure for chromosome
breakage as well as chromosome loss and has been
shown to be a sensitive indicator of chromosome
damage in classical metaphase chromosome analysis
[38]. The MN shows a significant increase in periph-
eral lymphocytes of exposed workers in comparison
with non-exposed and, high level of MN was also
observed in 15e20 years of exposed subject in-
dividuals, when compared to other exposed subjects.
Although this study is in concurrence with Vaglenov
et al., 1999, other studies such as Benova et al., 2002
showed no difference in MN.
4.2. Comet assay
Significant increases in comet tail percentage and
tail length observed in NO exposed workers compared
to non-exposed suggest that comet assay is valid for
monitoring the effects of genotoxic compounds like
NO in occupationally exposed subjects. NO has also
been linked in increased incidence of DNA breaks
[41]. Concurrent with these findings, elevated fre-
quencies of DNA damage prove that the level of
exposure in the workplace is high, which highlights the
sensitivity of the assay used. In our study, jewelry
workers exposed to NO were found to have higher
levels of DNA damage in their lymphocytes when
compared to non-exposed. We speculate that binding to
cellular ligands may play an important role for the
DNA-damaging activity of NO.
4.3. Genotyping
We report an association between the genotype
XRCC1280Arg/Arg with a significant CA frequency
increase in exposed workers. The XRCC1 codon 280 is
located close to domains that mediate interactions with
PARP and DNA polymerase in BER [42]. It may be
that the XRCC1280Arg/His polymorphism has higher
affinity for protein interactions, thus facilitating a
better oxidative damage repair caused by NO [11].
Therefore, it is suggested that XRCC1280Arg/Arg wild
genotype may decrease repair capacity of SSB and
influence an unstable CA formation. Tuimala et al.,
2002 encountered lower frequency for the
XRCC1280Arg/His polymorphism carriers during a
caseecontrol study in healthy Caucasians.Investigations of Zhang et al., 2005, Chanvaivit
et al., 2007 and Kim et al., 2008 showed that
XRCC1399Arg/Gln polymorphism does not alter the
affinity of XRCC1 for polynucleotide kinase/phospha-
tase poly ADP-ribose polymerase among NO exposed
workers. Similarly, our report highlights no interaction
between NO exposures in jewelry workers and
XRCC1399Arg/Gln polymorphism. Kim et al., 2008
reported a statistically non significant additive inter-
action between the XRCC1399 Gln allele and PAH-
DNA adducts. The variant allele frequencies are in
agreement with literature values for Caucasian and
Brazilian population [27,28]. As suggested by Kraji-
novic et al., 2002, only one polymorphism may affect
NO toxicity, but the combined influence of multiple
polymorphisms of xenobiotic-metabolism and DNA
repair genes may increase in a higher proportion of
cancer risks and other disease.
5. Conclusion
In conclusion, our present study confirms that
increased level of chromosomal damage was observed
in the age group of 10.1e15 years and 15.1e20 years
(WD) attributing chronic exposure to NO might have a
high impact on cells at chromosome level, which in
turn is influenced by polymorphic genotypes of
XRCC1280 in exposed workers that have a functional
impact and influence on the potential cancer risk in NO
exposed workers. This study extensively investigates
the genotoxic effect of occupational exposure of NO in
low levels influenced by individual susceptibility bio-
markers analyzed in adequate population samples.
Moreover, the present study provides evidences that
NO exposure may be associated with genotoxic effects
on lymphocytes. The results of this study show that it is
possible to detect risks to human health at an early
stage using sensitive techniques and there is a pro-
nounced mutagenesis of NO. It is imperative that the
jewelry workers should be monitored carefully and
adequate defensive measures should be taken to pre-
vent long-term hazardous health effects.
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